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ART-UNIT: 166 

PRIMARY -EXAMINER: Yucel ; Remy 

ATT Y - AGENT - F I RM : Fish & Richardson P.C. 

ABSTRACT : 

Compounds which can striate --o^ 

inhibitory activity of ^ij:"! °tina neuronal growth are provided. T 
of using the compounds for Simulating neuro g ds which in h 

invention further provides a meth ° d ,^.^ e ^ axonal outgrowth of injur 
myelin-associated glycoprote jn ^ f t ^ compound with 

nerve cells. The method in ^ e ^°f Editions which allow 
^^aslolia^ li^eS an d d e th C e°co mP ound to bind and detecting 
binding. 

10 Claims, 18 Drawing figures 
Exemplary Claim Number: 1 
Number of Drawing Sheets: 13 

BRIEF SUMMARY: 



BACKGROUND OF THE INVENTION 

1 Field of the Invention 

Th is invention rentes to ^Mtf^!^ 
S^S. M cS»r"« StSSiSiS -ve regrowth after injury. 

2 Description of the Related Art 

Ne rve ceil function. depends upon appropriate -tacts J>etween the^eur 

and other cells in its «ff" 9 |"T ir ^ese cells include specialized 
Jessell, Physiol. Rev. 68:819, 1988) .The se _ and schwa 

cells, oligodendrocytes in the antral nervou eMheathe the 

cells in the peripheral n ^° u = ^? a ™ n< l stricture of multi-layered 
axon with ^1^, which is an --lating^ ^ Neurobiology , z . 

IT^tltJef, Sunolrland, Mass., 1992], p. 28!.). 

Myelin is retired for efficient "-e impulse conduction, ^u^has oth 
Sr^uryW^str^-f ^ rS yj the axon. -hility^gro 
when in contact with CNS "Y<>1™ *^ r ° a ^. ^apfhammer, C. E. Bandtlo 

2£ III: SSTSKSS S 

rnorre g eLfate? t so 1 ?Lt e crntral U nervlursy P ste m damage is usually 

permanent 



While CNS nerve cells have the capacity to regenerate after injury, 



th 
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are inhibited fro™ doing so by -l^"-^^ ^ 

environment. One such molecule is on myen v * 13:80 5-811, 19 

Neuron 13:757-767, 1994; ^^ated' glycoprotein (MAG) . It would b 
and is referred to as ^J^l*^ fac?o« which interfere with the abili 
desirable to identify mol ^ ul ^ edqe of those factors would form a b 
MAG to inhibit nerve growth. Knowledge or t inhibitory effec 

for developing drug therapies to inter fere * invention provides 

^^^ge-TS-SdSf rndlrovfde/improved methods for treat 

nerve injury. 

SUMMARY OF THE INVENTION 

Por the firs, time, .compounds ^rffiS^^T" 
neuronal growth by inhibiting t he ne his dlscov ery, it is a 
myelin-associated glycoprotein • ^n d _ and pharmaceutical 

injury. 

It is another object of ^^cT^^^™^^ So 
identify molecules or =° m P oun J " h1 ^' h identified compounds, when 
^Sy°ffi ASfTSc-iSSSi^ of axonal growth. 

^^^^^^^^^^ 

effective amount of a ^^^^^lllciated glycoprotein to indue 
sufficient binding capacity to myelin associ g y ^ myelin . associa 

SSSSrSSn" ^co^cSboSdiS. -s Le terminal se.uence : 

NeuAc-Gal-A-B-C-L 

wherein 

A is N-acetylgalactosamine, 
B is galactose, 
C is glucose, and 

L is H or a hydrophobic group, and 

wherein the linkage of NeuAc-Gal is NeuAc .alpha. 2, 3 Gal. 

Tne invention further provides , . method J^^^ 

ryflin^afsoclftfd g SS"eS ^/compound to bind and detecting 
binding. 
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Further provided is a glycolipid having thj -«»cture ^f*"!^ 
Unkage of NeuAc-Gal is Ne uAc . al , 3 gal , and ^ 
gangliotetraose and L is H £ a^op axona l growth when brou 

^ contact ~£ for a sufficient period of trme. 

These and many other features and attendant —age - °f th^pre^nt 
K^i^or t £: r iS^"iM tafen in function with t 
Examples . 

DRAWING DESCRIPTION: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1A shows MAG expression by transfected COS cells. 

PIG IB shows the adherence of MAG- transfected COS cells to microwell 

surfaces To which ganglioside GTlb was adsorbed. 

f Mir M-ansfected COS cells to microwell 
WiS vSo e us C gan§^iderwS adsorb. 

FIG . 1D shows the effects on the adherence of ^^tX^ 
pre-treating microwell surfaces ^oro g tQ microwe i 

cells with mAb513 . 

• M structures of glycolipids and the ability of each to 
FIG 2 summarizes structures ui y-^y r 
support MAG-mediated adhesion. 

<-h» adherence of MAG-transf ected COS cells to microwell 
^rface S sTo S whfch a va?iouf g a„gliosides were adsorbed. 

PIG 4 shows the chemical structure of Compounds 1, 2 and 3 of Example 

PIG 5 shows the chemical structure of Compound 5 of Example 5. 

FIG s shows the chemical structure of Compounds 5 and 6 of Example 5. 

FIG 7 shows the chemical structure of Compound 7 of Example 5. 

FIG. 8 shows the chemical structure of Compounds S, 9, 10 and 11 of Ex 

FIG 9 shows the chemical structure of Compound 12 of Example 5. 

FIG 10 shows the chemical structure of Compounds 13 and !4 of Example 

fig 11 shows the chemical structure of Compound 15 of Example 5. 

fig 12 shows the chemical structure of Compound 16 of Example 5. 

FIG . 13 shows the chemical structure of Compounds 17, 18. 19, and 20 o 
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Example 5 . 

. v > a i ctructure of Compounds 21 and 22 of Example 
FIG. 14 shows the chemical structure ol v 

• i 0 fr„nMire of Compound of Example 5. 
FIG. 15 shows the chemical structure or ^ y 

DETAILED DESCRIPTION: 

DETAILED DESCRIPTION OF THE INVENTION 

Hpqrribe mono sac char id 
Chemical Nomenclature. The nomenclature used to g^ribe^ herein 

constituents of °lig° sa ? char ^ e ? h f t^^ITO Joint Commission on 
follows the recommendations of the IUPAC iub ^ (197g) . j. Blol 

Biochemical Nomenclature (^° ch ^ c / rao r sacchar iL in an oligosacchari 
Chem. Vol. 262, p. 13 (1987)) . bacn inu in Table I; belo 

chain is designated by its abbreviation ( as set } the poslt i 

followed by its anon«ric configuratio^^P monosa ccharide, and its 
from which it is linked to the next ^ . nnermost monosacc haride of t 
linkage position on tne riny 



chain 



For example, "Gal. beta 1.4G1 ™^es ^fion of glucose. Althoug 
form, linked from its l-P? s ^ion^to th e 4 p ^ . n ^ pyr 
explicitly designated, all saccharides anome ric carbon 

(six-membered ring) form a ^ are linked r to fche nex 

(1-position for Glc, Gal, GlcNAc, z d b par entheses, such a 

saccharide in the chain Branches are indicated *YJ tQ&e * gluc 

-Gal.beta.l,4(Glc.beta 1 gf °™ c f ^ e Glc * A c rin g, but at differen 

^Sons°^^ respectively) . 

MONOSACCHARIDE CONSTITU 

TABLE I ■ .beta. -D-Gluco 

OF CARBOHYDRATES ___ . 

(Glc) #STR2## 

. . be ta. -D-Galactose ^^l\l t ^ 
^VsWT- ^CHO^CHOH^iub.. OH 

Method for stimulating Neuronal Growth 
The invention provides 

contacting nerve cells with a =°"£°"£™ e wh J ch ha s sufficient bindin 
SlS™^ So LduTaxonafgStn. The complex carbohydrate has 

terminal sequence: 
NeuAc-Gal-A-B-C-L 



wherein 

A is N-acetylgalactosamine, 
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B is galactose, 

C is glucose, and 

L is H or a hydrophobic group and 

wherein the linkage of NeuAc-Gal is NeuAc .alpha. 2, 3 Gal. 
The hydrophobic group can be ^lycon The t 

alkyl, aralkyl, or aryl al °?^%°%S Y ™n derives is referred to as a 
^yco^^ 

alcohols ' and cerami 

The complex carbohydrate that : finds preferred ^^^.^Lf cfrbohydra 
glycosphingolipid. A particularly preferred to ceramide . However, 

for use in the method is a ganglioside where n (cuello, A., 

claimed method includes other forms °5 |J^° S w ? th g the requirement that 
Advances in Pharmacology, !°* U ^ ^saccharide) have the terminal seque 

Sc« - OUP ^ 

linkage of NeuAc-Gal is NeuAc .alpha. 2, 3 Gal . 

It was found that glycolipids having particul arly^dv^tageous ^ 
pharmacologic Properties _ in terms of binoing prefer red linkages 

induce axonal growth in in vitro assays had a2 3Gal linka ge 

Thus, it was found that glycolip J ds seqU ence and the terrain 

between the terminal galactose of the terminal seq ities for mG . 

NeuAc had particularly strong ^specific £ i g Qr binding 

was further found that the glycol ^ ^^hicS wasa gangliotetraose, 
affinities to MAG had a terminal sequence beta-lf4 Ga l .beta. 1,4 

^^^^^^o^'l 2X (1978)). 

Other particularly advantageous linkages in the a ci 
the claimed method were found ^ be associated ^ c nd t 

substitutions in the termin ^^ e ^ C f ound to confer the requisite bin 
sialic acid substitutions ^ c £ Q W ^ e f ^lic acid groups substituted 
affinity for MAG involved °? e £o three si a ^ specificity was 

the A moiety. The linkage which conferred ^ where A 

SftitSf/w 2 !^ ^^t^^^^ SeufcTe^we 
^SoSfflg Sidlr^thTintrrnal sialic acid group. 
F or another family.of compounds sialic acid ^-itutions^hich were^ 
to confer the requisite binding affinity tor linkag e which 

sialic acid g^ups substituted onto the B mo alpha. 2, 3 Gal between t 
conferred MAG binding specificity was a Neu y ^ grQup 

sialic group and B. Where B ™^ ^stituted w CO mpound was a 

the linkage which conferred binding specific y ^ ^ intern 

.alpha. 2, 8 NeuAc between the terminal 
sialic acid group. 



3/1/014:32: 



6 of 25 



Record Display Form 



http://westbrs.8820/bin/gate.exe?f=doc&s...e=&p_Message=&p_doccnt=l&p_do C .l=PTFFULL 



structures are set forth schematically IG. |. « method Q 

SS^M' ft^i^inraSon^^ra^sef rorth, b ut not restric 

to those shown in Table II below. 

Glycolipid Structure 

GQlb. alpha. NeuAc .alpha. 2, 3 Ga 

-6TGilNA5Tbeta.l,4 (NeuAc . alpha . 2 , 8 NeuAc 
lie beta. 1,1' Ceramide GTlb NeuAc alpha . 2 , 
4 (NeuAc .alpha. 2,8 NeuAc . al pha.2, 3.) Gal 
Ceramide GDla NeuAc . alpha 2 , 3 Gal be ta . 
alpha. 2, 3) Gal .beta.l, 4 Glc .beta. 1,1 Cera 



TABLE II 



,3 (NeuAc .alpha. 2 
2,3) Gal .beta. 1,4 
,3 GalNAc .beta.l, 
,4 Glc .beta. 1,1' 
.beta. 1,4 (NeuAc . 
a . NeuAc . alpha . 2 , 
2,6) GalNAc .beta, 
alpha. 2, 3 Gal .bet 
, 1 ' Ceramide 



3 Gal .beta.l,3'(NeuAc alpha . : I 8 NeuAc 
1,4 Gal .beta. 1,4 Glc .beta.l, 1 Ceramide gmi 
a. 1,3 GalNAc .beta. 1,4 Gal .beta. 1,4 Glc 



.beta. 1 
. alpha 
.beta. 1 
.beta. 1 
GalNAc 
GT1 .bet 
.alpha. 
NeuAc . 
.beta. 1. 

Th e claimed method involves contacting = ; c ells ^^tt^ 
comprising a therapeutically effective amount \* fers to an amoun 

herein, the term "therapeutically effective a ^ ^ 

glycolipid efficient to effectively connec tions are enhan 

regeneration of neurological tissue ana stere d at a range from 

Generally, the therapeutic com P°^^°^^ 0 =r2te In addition, the 
about 0.01 mg to about 10 rag comp lex ca ^ydrate^ ^ the 

particular concentration of ^colipid administered ^ 
particular nerve and injury, and its severity^ skiU _ n fch 

"cSnrfai fr?s ^"^^M-^^io co.pensate the aose 
ranges of the composition accordingly. 

A composition according to the method of the invention can ^administ 
for example, to a subject parente a Y by in] ction y a int ratheca 

occur as soon as possible to the time of the injury. 
Preparations for Parenteral administration^^ 

pharmaceutically acceptable ca *" e ; Datie nt. Such carriers mclu 

?he components of the composition and the PJtien emulsions, 
sterile aqueous or non-aqueous solutions, auspen ^ polyethylen 
Examples of non-aqueous solvents include propy * Qr squa i an e, a 

glycol, metabolizable oils such as , J ve ; S g ipos0 me -based carrier 
injectable organic esters such as ethyl e ? nvention , a s well a 

SnSr'l^^ thS releaSe ° f 

oligosaccharides . 

toy of the ^."P^'-^^^^icSSr'li^ <«vL 
£r t iM.r ta U^^^ " ^tUa.ellar vesicles, , un,la m 
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•i^o-nar liposomes (also known as unilam 
liposomes, including small ^l^^^io known as large unilame 

therapeutic compound can be established. 

The method of making controlled release [Xr^l^^^- 
delivery systems is described ^ u r in N ; S 08 393 , 724 filed Feb 23 
08/352,342 filed Dec 7 1994 and Ser No^ £ us94/04490/ a il of whi 

SS l^SeS^iSn^-rSSeieSc. 'in their entireties. 

The composition of the synthetic -mbrane vesicle i. [^^l^ 1 ** 
of phospholipids, usually in comb Ration wxthst er ^ P & ^ ^ a 
cholesterol. Other Phospholipids or other lip * ction include 

of lipids useful in synthetic f 2 ™^^ vesic ^ P h tid lBerines , 

dioleoylphosphatidylglycerol . 

in preparing vesicles containing * ^erapeutic agent ; « u ^^S^ 8 a S 
efficiency of drug encapsulation, lability o d rug-to-lipid ratio, 
size of the resulting population of vesicles, drug ^ eutical 

permeability, instability o the P^P^ e °^ ide red. (Szoka, et al . , 
acceptability of the formulation should Dec ^ Deam 

r^L^ros-^M^rSe^.^enoX 2,: Hope, et a!., Cn 

Phys. Lipids, 40: 89, 1986) . 

A lipid-based drug delivery ™t« 1™"^^^^? ^ 
can be delivered to _ *e c-tra nervous 2™ Viipil-based drug 

ora^neLrls^voSe^lrererL^?^ 1 !! gluge to 25 gauge needle r 

used. S olut 
Aqueous pharmaceutical --iers^nclude water ^^{j^l^e 
emulsions or suspensions including saline dextrose, dextrose 

vehicles include sodium chloride solution Ring preservatives and o 

SSS^SS*^^ r LfJ and^iSf ^ierr 



Method for Identifying Compounds 



The invention provides a method for identifying ^ 
myelin-associated glycoprotein (MAG) ^^ C J rowth when brought in con 
compounds are capable of stimulating axonal gro ^ ^ cl 

with nerve cells by yirture of u ^lity MAG under conditions whi 

method comprises contacting the compound wi detects the binding of 
allow MAG and the compound to The met n between the 

C c°oToun d d S^'tne Srength^f ^binding, and the compounds abili 
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inhibit (i.e. diminish) MAG inhibitory activity. 



claimed method are glycolipi 
in nervous system tissue, 
family of sialic acid contai 
Stults, C. C. Sweeley, B. A. 

Yu M. Saito, in Neurobiolo 
Margolis, Eds. (Plenum Press 
can be screened using the cla 
, proteins (e.g., monoclonal 
or glycosides with hydrophobi 



Compounds which can be screened using the 
particularly gangliosides which are found 

Gangliosides represent a large and varied 
cell surface glycosphingolipids (C. L_ M . 
Macher, Methods Enzymol. l67 J i'n / 
glycoconjugates, R. U. Margolis and R. K 
York, 1989), p.D- Other compounds which 
method include, but are not restricted to 
antibodies) , as well as oligosaccharides 
aglycons . 

The claimed m^od is operable for contacting ^^^^^ 
soluble or surface-bound conditions Thus both the ^ ^ 

and MAG can be screened for b^nd^ between both ^ imiing betwee n 

soluble phase. Under such «? d ^^s, detec tio detectably la beled 

and the test compound is f ac ^^ated ^y « Preparation of 

compounds, or by the use of ^^^V 1 detect J bly labeled MA 

detectably labeled compounds a ^ in particular detec^^^^ 
other proteins; and detectably ^beled ^osides o f^^^ iolo 
procedures well known m the art ^rent Protoco 1994 _. Se cti 
ed. Ausubel, F. M. et al . , publ. ^ y ^il^/ c ^ un ds) Accordingly , 
10.18 for proteins; Se ^J^°^\^ r J^ detectably labele 
or candidate ^^radSisotope a fluorescent compound, a biolumines 
for example, with a raaioisuiupc, « rhplator or an enzyme, 

compound, a *emi luminescent compound J^/^S. labels for bi 
fo "no tlllKll^ oTllll be able to ascertain such, using 
routine experimentation. 

Methods for measuring the binding a, :finity between a tes, ; -mpound^and 
or merely the binding itself are well ta in t ne a , equi i ibr ium 
for detecting binding between s ? lub l? "^"^ followed by filtratio 
dialysis or precipitation of mo e-lar comp l«£»£°?° lifif) * R . t H ud 
A. Lehrman, et al., J • Biol . cnem (1974). R. L. Schnaar, et al . 

et al., J- Biol. Chem Vol 249 p. 5536 1974 ) ; s ^ detecti 

Prog. Brain Res. Vol. 101, P- ibs y , '\ 0 1 mobilized on a plastic 
binding of a soluble nucule ^^^^^01 Vol. ?38. p. 2 
ZlllT- t^l edham a and N R . S L r °*nn?ir, Proc. Natl . Aca^ Sci^ OS* V 
8 p.'l359 (1993),- R. L. Schnaar Methods Enzymol Vol 138 ,^22^ 
U9871 ) or on an aff mity matr x <R K B. V. Torres, Method 

Enzymol. Vol. 138, p. ku°'>, 
Enzymol. Vol. 179, p. 30 (1989)). 

In an embodiment of the method of the ^"ion f f -/^tnfLrf Sce'of 

c — /ck^wiLne^ 

Sntransfected carrier cells do not .^^^^ctLg thl transfected 
carbohydrates. The claimed method ^°^^ n f^ich allow MAG on the su 
with various test compounds under ^^ dl ^° n ^cting the binding of th 
of the cells and the compound to bind, *™ r ^ s ^™d control cells or 

^«-U2S M^iSLS^ feSS^S?.™ to those s k il 
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in the art. 

A preferred eminent of the claimed method ^Y!£SWS°U 

compound to a solid surf ace f scriDea cc £ taote d with 

surface to which the compound '"acnea w a the oompoun 

MAG-transfected cells ™f £ f>nditions "^SgUoside, was adsorbed to a 

bind. A test compound, in the torm 01 y ne 3 monola yer of 

microwell surface as an "tibial "embran ^ ™ * are known in the ar 

^oSJSco^uS^'SepaSon'aSd Ration, V. C. ,ee and R . T. L 
eds. , p. 425, 1994) . 

Binding between MAG and the test compound attached to the solid surfac 

measured by detecting the adherence of th< ; t^tt^oiifsurf 
surface as compared to adhesion of transi ect u measured and 

lacking the test com P ound ; *f Activity such as lactate dehydroge 

?n a ?ne t irsatrof e ?Se r cSfir a rered tfthe ^ S -face. 

As described in Examples. 2 and 3 below ^"-Iforinerrsurlaces 1 : 7 * 
compounds were mounted ^fJ^llteZ Sag on their surface were plac 
Snracr«I?h C Sfferenf carfonfdr^s? S and cell adhesion to the surface 

measured. 

Us ing this ^-^^.^^X"^ 

gangliQRide. After removing ^"^^^^g with the compound by measur 
KfS^ed matHud detected ^f™°^ C euS which remained on the 
or quantitating the bJLndxng of tran fectedc el inhibits MAG-mediate 

surface. The affinity of a s ^l^ompound . sup . 6 M .sup.-1 or greater, 
inhibition of nerve ^^%f^ a ££ although compounds with affxn 
^irSp^^^su^A^be therapeutically effective. 

Certain glycolipids identified by the method of the invent :ion are know 
be expressed on myelinated neurone in vivo (R. K^Yu, ^ ^ ^ 
Neurobiology of GlycoconDugates R. Margo f carbohyd rate binding 
Plenum Press, New York, f 9 , h \ ^ ^ " L of structurally relate 
determined by the claimed ; od fined a Qf ^ inven 

glycolipids as ligands for MAG. W ^ S e structurally related glycolipid 
for stimulating neuronal growth these s true tu y contact 
have the property of enhancing axonal growth whe g structur 

5£a^^^ ^ terminal sequence: 

NeuAc-Gal-A-B-C-L 
wherein 

A is N-acetylgalactosamine, 
B is galactose, 
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C is glucose, and 

L is a hydrophobic group and 

wherein the linkage of NeuAc-Gal is NeuAc .alpha. 2,3 Gal. 

Using in vitro assays of nerve cell growth as ^^^i^S 1 
below, the compounds identif b Y ^e ^la fcQ 

inhibition of axonal g^Slr^cell biSding or adhesion, and, thereby 
useful for inhibiting MAG-nerve cell bi nding . ly< the CO mpou 

inhibitors of MAG ^ lb ^° n f ?L^°2 in another aspect of the invent 10 

^fr^^^^ ™al -° Wth - 

-> t 4— /-» ninchrat-p but not limit the 
The following examples «e intended to^llustrate ^ 
invention. While they are typical of those that be used 

procedures known to those skilled in tne a 

EXAMPLES 
Example 1 

MAG-Transf ected COS Cells 

cDNA encoding MAG was cloned into the mammal iar ^-^^$2? 
the correct orientation or in the reverse const ructed by exci 

containing cDNA encoding th « ^^"J^ained from Dr. B. D. Trapp, 
the full length cDNA from P GE ^^^ s {°f Jp a i ^nd inserting the fragme 
Cleveland Clinic, Cleveland, Ohio) using ti (control) into t 

either the forward ( P CDM8-MAG) or reverse ^ ^^^en, San Di 
expression vector P CDM8 using BstXl/EcoRI adap ^ ^ ^ expregs 

Calif.)- [B. Seed, Nat ure 329 ^.40 (1987H (TnTsystem , Promega, 

product was confirmed by in ^ro ^ranslat ^ kD produced 

Madison, Wis. ), resulting m ^ Protein ot app ^ ^ 3 , end of ^ h 

the forward construct only Se quenci ngo r P cDNA< cells 

insert confirmed the P^sence °£ r ^ ^ Uo g ^ & high 

transfected with pCDM8-MAG or the ^ ve ^ c ° A . Aruffo , Proc. Natl 
efficiency DEAE-dextran procedure [B^ Seed de tached from plat 

Sci. U.S.A. 84, 3365 (1987)]. After 6on, cei mM Na.sub.2 
a phosphate-buffered saline solution (308 mM NaCl collected b 

HPb.sub.4, 3 mM KH.sub.2 PO^sub 4, 5.4 ^cl ^ buff ered sa line 

centrifugation and resus P| nde ^/^ n ocvtochemically using a Coulter E 

^^^^^^^^^^^ 

1:100 dilution of phycoerythrin-conDugated po q cellg werg 

F(ab)' (TAGO, IncM Burlingaro, Calit.1. Background fluorescence wa 
^SrxiM^I^ i-otypic control antibody (Coul 
Corp. , Hialeah, Fla. ) . 
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* j„i. ar f ppIIs stained with mAb 513, whic 
by flow cytometric analysis ?*"^_\^ third extracellular Ig-like d 
binds to a conformational epxtope in the thira er _ Fran ke, F. Kirc 

of MAG (T. Fahrig, R. Probst "«ier, E. S p es y majority of the 

et al., Eur. J. Neurosci. 5, l-l 18 ^^' ' ' " ,, * relative fluoresce 
MAG-transfected COS cells bound ^13^ leading ^ 1A ) . In contras 
levels that were 5- to 40- ^ r f J a ^ e indistinguishable from 
COS cells transfected with control Plasmid transfected CQS cel i s s t ai 

^^eJ^ri^-S control antibody (data not shown) . 

Example 2 

adherence of MAG-Transfected COS Ceil, to Microwell Surfaces on which 
Gangliosides Were Adsorbed 

glycolipids was tested. 

^G-or control-transfected COS cells "-^^ J™ fconcent^ti 

added, 50 .mu.l were placed microwells o uncQvered for 75 -l20 

(Costar, Cambridge, Mass.), and plates incu al j. B iol . 

to allow efficient lipid absorption (C ^. BiacKDu , blocked b y 

Cnem. 261:2873, 1986) Plates were -^^-^MEM^contSning 1 mg/ml B 
addition of 100 .mu.l/well of j^pes ^urre suspe nsion were added, 

for 10 min at 37. degree. C and 200 pi of cell P w cells tQ set 
Plates were incubated for 10 min at J -degree ^ ^ non _ adher 
then were transferred to 37. degree • ^ immerse d, upright, in a vat 
cells after the incubation the fj^ 5 ll\^Zm-desi g led Plexiglas box 
PBS , inverted, and placed in an «rsea c u _ The inverted plate its 
which was sealed with a ^^^o exclude air . and centri f u ge 

fluid-filled chamber was placed in a cent rituge ^ q imme 

24 times. g to gently remove non-adherent ceii s hn immer sed) , 

in a vat of PBS and the plate was J removed right ed <wh ^ 
surface fluid removed by as P ir ^ lon ' _ 2 ? r ™ h 96-well plate. Cell adhesi 
mixed, and 80 .mu.l/well remo ^^ a °/ d ^ v drogenase (LDH) activity in t 
was quantitated by measuring lactate dehydrogen gium phosphate b 

--o-containiS ^SfSjS * ^ ™ 

FIG . KB) shows measurement of a^ ed * a ^-£^ ' 
microwells adsorbed with the indicated ^ (squares) COS cells 

MAG-transfected (circles) and control transact ^ q those ^ Q 
each amount of GTlb was measured A ^ o ^^ id y lcholin I and 100 pmol/we 
were co-absorbed with 25 pmol/well P^pnatiay . 
cholesterol. Cell adhesion was reported ^ L ™^tivity ^ ^ ^ 
( . DELTA. A3 4 0 /min . times . 10 . sup . 3 ) Values are 



determinations . 
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-p ros cells adhered in a 

It was found that the » G -« ans f «£aces on which the . 
Concentration-dependent manner to J" 1 "?^^ memb rane monolayer of 
gangUoside GTlb was absorbed as an "t^fxcra ^.^j ted COS eel 

control -transfected COS « ^/^^S^ected cells added to 
surfaces. Typically, 30-40 „ or conditions, whxle <8« bound to 

carbohydrate specificity studres. CQS ^ t o ma j0 

FIG 1(C) shows MAG-mediated adh es ion °f"ans '=J re adsor bed at 50 

-fs^-eirfdSs " ^^ii 

(San Mateo, Calif.), NY.); and GM2 was puritiea rr 01 

£yTachsT»i^^ 

-Sifity B o^^^««£r^« <^ 

Blackburn, P. Swank-Hill, k. . d d nt on the 

To confirm that MAG-mediated g ^^•^S^jTSei?' "f^fo 
terminal sialic acid, '" 1 = rowell ^S leaves the NeuAc .alpha. 2, 3 Gal b 
vlbro cholerae neuraminidase ^f^euAc alpha . 2 , 8 NeuAc bond, tat not 

. , ^ t-^r-mi nal cralactose ana cne weu^ ^ ar-t-n^ Neuraminidase- ere 

SeuAc .alpha S 3 9 Gal bond on the int «^ G ^™ ct ed cells, whereas 
NeuAc .WF support adhesion ot wa^,"^ » Pretreatment 

Sntro!- rea ed n microw P ells supported ad hesron W^*, me bind 
S-Sansfected COS cells wrth mAb ^ _ neuron bindrng (R. 

to neurons i^u» and rnh ^ , ™c lg Res 25 1(1 

^ d °Po to T rak! a R r ladoul, G. Keilhauer, C. ^mow^ewSy^B. Seilheime 



Example 3 

Structure Function Studies of Glycolipid Binding to MAG 

Kach of 1, .lycolipias was tested at a^ariety ^concent ra ^ 

^t^ureTwSch^ orted cell ^0^^ 
column! with the amount "^/^s^porc any cell adhesion are sh 
rcnelar ) rifht? C tesred W at C amoints as high as 100-200 pmol/well. 
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and GM1. alpha, were 



. „ alv noted were obtained from the indica 
Glycosphingolipids not P re ^°^ ^cording to the method of Hirabayas 
source! GQlb. alpha., was ob !^d Record ? 9 92.) GMlb was prepared 
Y , et al. (J- Biol. Chem 267 (18) ^23 m . Research 28:285 

(3-sulfoglucuronylneolacto te ^ ra ° sy ^niar , J. Cell Biol. 121:397, 199 
cauda equina (L. K N f d ^am R. L ^chnaar ^ as n 

Note: NeuAc-NeuAc bonds are all .aipna.^, 
in the key. 

GT1 beta. GQ1. alpha., GT1 , . beta. GQ1. alpha. 

synthesized as described below xn Example 5 . 
Am ong the major brain gangiiosides only ^lb and^Dla^po^ted 

MAG-mediated cell adhesion ( ^ I G S . om na r e GD 1 a to GM1 and GMlb to GA1 , 
NeuAc.alpha.2,3Gal determent (compare GDI ^ . alpha . 2 , 8-lmk 

is abrogated by the Presence of an additio jjeuAc . alpha . 2 , 3 Gal presen 
sialic acid (compare GTlb to GQlb) . Not a y^ } did not support 

on a different saccharide co " £ h G * ne Enhanced binding of GDla or 

adhesion. This observation a^^^giiotetraose core was recogniz 

:?r g r wttn^ ^ iactose residue - 

A surprising additional finding . arose . from ganglios ^^structure-f unct 

studies. Quantitatively m ^ n f h f^i"S?ic for cholinergic neurons 
are the target of antibodies highly speciri ^ Walker , P. J • Richar 
throughout the nervous syst em (R- T- ^ n | ^ 218:3 55, 1981; Y. Hirabay 
r O Fox, V. P. Whittaker, Cell Tissue Keb chem _ 

m'i v Trip V P Whittaker , K. Kon, et al., o. o 
T. Nakao, F. Irie, v. e » _ Rorron i j. Neurochem. 46,188a, ^ a J°>- 

267:12973, 1992; P. Ferett l , E . Borroni J gang i io sides but ha 

Chol-1 gangiiosides are re |^ed fc o the ma o r . 
additional sialic acid(s) linked .alpfta.^ rgact with 

gangliotetarose core ^ ^"^bind to gangiiosides on cholinergic neu 
proteins on Western blots yet bind to g y cholinergic 
?n organisms ranging f °™ ^pedo^o man ' was 8 -fold more potent than 
neuronal function « unknown. GQ l^P™ ' ( QS . 2 and 3 ). FIG. 3 
at supporting MAG-mediated ce 11 a ^esion l ected C 0S cell adhesion by 
demonstrates enhanced support of MA G with various amounts 

glycolipid GQlb. alpha.. Microwells were a ^ 0 ^ G . transf ecte d COS cells 
?he indicated gangiiosides and adhesion ° ^ reported as LDH 

performed as described in FIG^ IB. Cell a ^ expressed as the 

activity ( • DELTA. A3 4 0 /mm. times. 10 sup. 
m ean "- Y SE of quadruplicate determinations. 

GQlb. alpha, also supported adhesion of a ^^"^^oSLea to othe 
MAG-transfected COS cells (70-80, ot tne c surface concentratio 

gangiiosides tested, meeting that a low er^ce compare d to GT1 

MAG was sufficient to support COS cells t ^ ansf ected C OS cells t 
(FIG. 3) or other gangiiosides. Binding or absorbed 
GQlb. alpha, was completely blocke ^ i ^ e ^data not shown). The enhan 
ginglioside with V. Cholerae n ^ramn^das^ (dat a adhegion was 
ability of GQlb. alpha, to support MAG mediate nked sialic aclds b 

unanticipated for two r ^ s ^" F ^^^ din g Lder conditions where 

5n£S ^ifa^d'suppSrt binding (S. Kelm, A. Pal.. ' 
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i Pur-v R-inl 4-965, 1994). Secon 
cSiTgangliosidef ^thSt ?o Se'restrice to cholinergic neuron 
„Kle myelination is not neurotransmitter-restncted . 

Conside red together the ^^ioside -ndin, dat^ in^XC . ^ inaioate^ 
:S re a l£ a re q uifeno r r ^G U Mndin ? but ^at additional sia ic acid re 
at each of the t»o other ^""^^ * SS^tid^aningfully an 

cell adhesion to other, closely related ganglioside 

structures indicated a level of f^^^^^^. — 
only by Cholera toxin, which binds to GM1 (J. H °^ren 

8:851, 1973). These findings which concern s pec Y associate d 

glycolipid binding to MAG, and the °f ^ *ens itivity 

Ehe binding of MAG to a monoclonal antibody greeted ag 

neurite or axonal growth after injury to neurons. 
Example 4 

Effects of Identified Compounds on Axon Growth 

^^-^^^^^^^^ 

demonstrated using in vitro assays: 

A. in vitro assay for ganglioside effects onMAG- inh ibi ti« °^«^ lte 
outgrowth by observing neurite extension from KG108 15 L . 
adsorbed to piastre -f 9 «- G1 ^™ ^SrobLstoma-glioma hybrid.o 
al., Neuron, 13:805, lyy^j i^iuo ( neurx te extension) and biochemic 

ifeSS 4 bSr^fr raptors' 

loTfunccio^lyn^ 

To study the effect of compounds on the inhibition of neurite outgrowt 
myelin-asscciated glycoprotein (MAG) , NG108-15 cells are c idine 
supplemented «lf serurn^ ^opny i ITe zZ^TZm' prostaglandin 

ISSlf n'Sf abovt meSum Er'SfSour. ^""Klne^r^S 

culture dishes P«-coated with 1 ^g/mL po 1£>^» J£ cl>te « 

glycopr fc^G, 'are^e- reated »"^i S «S--S n ?ratfons n of 

gangllosides as micelles £ ™ liposomes^illimola concentrations of 
ganglioside oligosaccharides, or with = orr ^P° n °^ :> , ,. pr imed« 
control glycolipids and oligosaccharides •Subsequently, t he P q£ 
NG108-15 cells are added to the various test substrata at y ^ 

neuStes per cell, and length of longest neurite. 
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using this assay a ?f n f ^ £ » £^»2L~. 

invention to NG108-15 ceiis on n« 
neurite outgrowth. 

i -„ a n^ pffpcts on MAG inhibition of neurite 
B. in vitro assay for 9^°"^^^%^ cerebellar neurons on 
outgrowth by observing neurite extension t ro [following the method 

MAG-expresBing^Chinese^^arv (CHO) 



Mukhopadhyay, G 



^-p map run cells, transfec 
To mimic the natural ce^^^^l^ra^ on which the pr 
with the cDNA encoding MAG are usea as ing and control CH 

cerebellar isolates can extend neurit es MAG exp * glides to for 

cells are cultured for 24 ^"^^if^p^treated with micromolar 
confluent monolayers. ^ f se ^Zllnll7s e a glycolipids identified by 
concentrations of identif led elided as micelles or in 

method of the invention, ^eluding ga ngl "£^ ide oligosa ccharides , 
liposomes, millimolar concentrations of gangi and 
with corresponding concentrations of control giy 



oligosaccharides 



_K ^ ^ ^ ~ 

j ~i ^ rai- rprebella are harvest 
Primary neuronal isolates f rom se ^ fay f d rat cer m ^ medium 

then trypsinized and resuspended as B ^?tures are established by addin 
containing 2% fetal bovine s erum. Co cultu res a in medium 

cerebellar neurons to the variably treated chu y ^ 

containing 2% fetal bovine serum ^^^^i^o^opically for neuri 
paraformaldehyde. The fixed jells are scored expressing neurites one 
extension by quantitating perc entage of ce lis e p q£ lQng 

body diameter or more, number of neurites per c 



neurite . 



enhances neurite outgrowth. 
Example 5 

Synthesis of Gangliosides 

The purpose of these tests was to determine -t^yntbeai^ a 
.beta, -series ganglioside GQ1 .beta • ^VNeuB Ac^ p ^ ^ 
Neu5Ac.alpha..sub.2 "Gg-sub.4 Cer) (Y. W j_ Biol . chetn., 

Tsuchiya, Y. Suzuki, M. Matsumoto Kon and ^ ^ Hasegawa 

265:8ll 4 , 1990; K. Hotta, Komba Ishida M ^ ^ and 

Carbohydr. Chem 13:665, 1994, , H. ^ff^ s ; ribed [ n detail below is 

^^^^^''^'^ gLgli ° Side GQ1 - beta -' 
Por the synthesis of a i-series ganglioside GQl.beta ^^^^ 
trisaccharide derivative 3 was ^ t ^ a * c ^idederivat ive 5 and i 

suitable for the preparation of /^as^nar ^ gtructur 

transformation to the acceptor 6 |°r const ruct i considering the 

.beta. -series gangliosides. This ^PProacn .beta . -series 

application for the synt he J[« ^^^S^d sialic acid at OH-6 of 
gangliosides containing a-glycosiaicaxxy 
galactosamine residues. 
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• i «- = Hrm« W pre determined with a Union PM-201 
General Methods. Optical r ° ta ^ n ^ R W ^ c ?J a e w e r e recorded with a Jasco 
polarimeter at 25. degree. C and IR specc rec orded at 270 M 

» rf °4rct f S d 81 Mtr.ti^ were con d 

in vacuo . 
Example 5 A 

2-(Trimethylsilyl)ethyl deoxv-3-0-levulinyl- .beta. -D-galact 

0- (2-Acetamido-4, 6-0-^ - 

^i:^™^^^^ (Compound 2) - TO a 

solution of 2-(trimethylsxlyl)ethyl - D -galactopyranosyl) - (1 

0- (2-acetamido-4,6-0-benzylidene-2-deoxy .Dec a y _ fwdarW-4) _ 2 
arw.4)-0-(2,3 ( 6-tri-0-benzyl-.beta^D-galacto^ r _ 
tri-O-benzyl-.beta.-D-glucopyranoside (K. Hotta b ' 0 . 

Kiso and A. Hasegawa, J. Carbohydr^ Chem , 13 . 665 1994 ^ q ^ 

mmol) in pyridine (10 mL> --/Jf/^n^room^emperSure , ana MeOH ( 

r^Slclf anf H S Sb 2 2 C o; S Si^d ^ . s^TsO . sub . 4 ) and concentrated 

v, n i Pi-nAr-hexane) of the residue on silica gel 
Column chromatography (1:3 EtOAc ™ei o +34.3.de 

ft fl? ?HC 4 l 7 ^3) 82 °:up a i T^TJc f su S ) f 1 a. ,00 (m 

Anal. Calcd for C.sub.79 H^sub.93 NO.sub 18 Si (1372.7): C, 69.12; H, 
N, 1.02. Found: C, 68.84; H, 6.64; N, 1.00. 

Example 5B 

2-(Trimethylsilyl)ethyl beta . -D-galactopyranosyl) - (1 • fwd 

0- (2-Acetamido-2-deoxy-3-0-levulinyl -oeca. y (i.fwdarw.4) -2,3,6 

4) -0- (2, 3, 6-tri-0-benzyl-. beta -D-galactopyranosyl) 

O-beniyi-W-D-^ acid P 
(417 mg, 0.30 mmol) m MeOH (10 w ^ adde for 1 h at room temperatu 

monohydrate (20 mg) . The mixt ure was st xrre d to r CO ncentra 
then Neutralized with Amberlite IRA-410 sup ^ ^ ^ resid 

Column chromatography (20:1 CH.sud.^ j- ±.&u ative) as an amorpho 

silica gel (20 g) gave Compound (3 90 *g. g^^,/ . sup . 1 H 
mass: [.alpha.] .sub. D +15 .4 .degree. ^-3.1^ sicH>sub . 2 CH.sub.2), 1. 
NMR(CDCl.sub.3) de Ita 1. 03 (m 2H, ^ sub^ 3 ^ ^ (8# 1H , 

i S sufi f^Az! ^ic? H 'an H d-7 U 22-7 C 42 (m, 30H, 

Anal. Calcd for Compound 3.sub.72 H.ub.39 MO sub.8 Si (1284.6,: C, 6 
H, 6.98; N, 1.09. Found: C, 67.17, H, b./o, in, 

Example 5C 

2-(Trimethylsilyl)ethyl 0- [Methyl 0 _ acet y i_ 3 , 5-dideoxy-D-glyc 

5-Acetamido-8-0- (5-acetamido-4 , 7 , 8 , 9-tetra O acetyl , 
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n _ -i i n i apfnnp] -4 , 7-di-0-acetyl- 
.alpha. -D-g.l«to-2- D ^W2^^; i ^^ 1 i I1 .i.] - (2 fwdarw.6 

fcl^i^e^^cop^ano^ *C £SLd M Y TO a soiution ot Co m poun 

3(571 mg, 0.30 mmol) and met hyl [ P h ^ tra _ 0 . acety l-3 , 5-dideoxy-D-glyc 
5-acetamido-8-0-(5-acetamido-4,7,8 9 tetra u a Y 7 -di-0-acetyl- 

alpha.-D-galacto-2-nonulopyra-nosylono-l • 9 ^ ^ r> x 

ideoxy-2-thio-D-glycero-D-galacto^ ^^g rbohydr . ReS ., 246:75, 19 
Ohta, Y . Tsukada, M . Kiso an ^ A - H ffegawa, * molecular siev 

°£ 390 mg, 0.60 mmol) ^ MeCN (8mL) -re adde^ 3^ ^ 
(1 5 g) . The mixture was stirred tor s n N-iodosuccinimide 

n 30 dearee. C. To the stirred mixture were aaaea 

(273 mg ? 2 mmol) and trif luoromethanesulf onic acid ^ ^ ^ ^ 
mmo l), and stirring was continued for 10 h at 30 . de g ^ 2 _ ^ ^ 

were removed by filtration and washed with ^.sub. Na . sub . 2 co.sub 
filtrate and washings were success ivelywas h|d w ^ concentrate d 

M Na.sub.2 S.sub.2 O.eub 3 dried ^a.sub. ^ a ± 

Column chromatography (10:1 toluene ^u*/ [ .alpha. ]. sub. D 

g) gave Compound 5 (310 mg, 8 as n * m ° r g (CDCl . sub .3) .delta. 1. 
1.2. degree, (c 0.9, CHCl.sub.3); -^P: 1 " 2 24 (10s, 30H, 3AcN, 6AcO, 
(m , 2H Me. sub. 3 SiCH sub . 2 CH. sub 2) , 1. ^j 2 *^ ; = 13 . 7 Hz, J.sub^ 
CH.sub.3 COCH.sub.2 CH.sub.2 , 2 - 4 ^ d ^ ^12 . 8 Hz, J.sub.3eq,4 =4 . 9 H 
=5.4 Hz, H-3eeq), 2.64 (dd, 1H , J.sub d) , 3? ( 1H , H-4e) , 5. 
^I'^-S.^-S^^l'H-^)/;:^ lH,'H-8e), and 7.25-7.40 (m 
30H, 6Ph) . 

Ca!c d £ o r C. SUb . r H .ub.135 »-»f -J, 0 ^:??. 81 <1995 ' 2,: 
H, 6.82; N, 2.11. Found: C, 58.25, H, b.S4, 1, 

Example 5D 

2-(Trimethylsilyl)ethyl 0; Methyl _ acet l _ 3 , 5-dideoxy-D-glyc 

5- Acetamido-8-0-(5-acetamido-4 7,8 9 

• alpha. -D-galacto-2-nonulopy-ranosylono 1 sy i on ate] - (2 . fwdarw. 6 

ideoxy-D-glycero- . alpha -D-ga ^^o-^nonulopyr _ ^ f W( j arw . 4 ) -o- (2 , 3 , 
2-acetamido-2-deoxy- .beta. -D-galactopy^ 

6- tri-0-benzyl-.beta.-D-galactoopyranosyl) ^ lution of compound 5 
y l-.beta.-D-glucopyranoside Compound 6) . W a acetate (270 mg) (H. 
Sg, 0.15 mmol) in EtOH (3 mL) was added ^* zl ^ hnson and Y . Kishi, J 
Nagaoka W. Rutsch G . Jchmidt H^Illo, ^ 

Chem, Soc, 102:7962, lyeuj . 1 chromatography (30:1 CH.sud. 

temperature and then concentrated^ Column chro g v compound 6 ( 
CI. sub. 2 - -MeOH) of the residue °* silica gel \ 8 Jo .degree . (c 2.0 

v^-i^^^B ■ oS:'^» u — - s - 1 Hz ' H " 3eeq 

3 79 (s, 3H, MeO) , and 7.26-7.38 im, Jun, 

w. caica for c. sub . f rfs fl rfslV"iI. Si <1897 ' 1,: C ' 58 

H, 6.85; N, 2.21. Found: C, 58.08, H, 6. ax, in, 
Example 5E 

2- (Trimethylsilyl) ethyl 0- [Methyl 
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q n ik a ^i- a mido-4 7 8, 9-tetra-0-acetyl-3,5-dideoxy-D-glyc 
5-Acetamido-8-0- (5-acetatnido 4 / , o , s actone) -4 , 7-di-0-acetyl-3 

. alpha . -D-galacto - 2 "^^anosyl ^^ona^e] - ( 2 . f wdarw . 3 ) 
deoxy-D-glycero- .alpha -D-galacto 2 no py _ * 3 , _ {o _ [met hyl 

.2-aitamido- 2-Oeoxy- bet, -^^^"giiactopyranosy!. - (l.fwda 
f el "" ^benzyl- "etS.^-gLcopyranoside (Compound S, . To a sol 
Impound 6 (50 «g, 0.02^1) ^ «thyl O-t«thyl 
5-acetamido-8-0-(5-acetamido-4,7,8 9-tetra o acecyi ' dl _ 0 _ a * et ^3, 

. alpha . -D-g'l'^r^S 1 ^™^^^^ J - (2 . f wdarw . 3 ) - 
M. Kiso and A. Hasegawa Carbo hydros ^ J60:cl 1994) (7,^5 ^ 
"gf'Tne » -SS^^'b""^ temperature then cooled t 

0 degree C To the mixture was added, with stirring, 

dimeSy! imethylthio) sul£onium trif late (a, P . ^ugedi and ^ ™ 
carboyhydr Res.. 149 :c9 , 1986) ; b) 0. Kanre M Kiso and stlrring 

CarbohydrChem 7:501 ^eqree c The precipitates were removed by 
continued for 1 day at 0. degree. 1.. ims f ^ , b 2 The filtrate 

Anal. Calcd for C. sub. 164 H.eub 197 N.Bub.5 O.Bub.66 Si (3322.4): C, 5 
H ( 5.98; N, 2.11. Found: C, 58.99; H, 5.72; N, 1.84. 

Example 5F 

2-(Trimethylsilyl)ethyl 0- [Methyl ™i-vl-3 5-dideoxy-D-glyc 

5-Acetamido-8-0- (S-acetamido-4, 7, 8, 9-tetra-0-acetyl 3 5 dideoxy g 

. alpha . -D-galacto - 2 - ^ulo^anoBy ono- 1 ^J^inate] - < 2 . f wdarw . 3 ) 

5-Acetamido-8-0- [5-acetamido-4 , 7 , 8 9 tetra o J^^ e) _' A 7 . d i-0-acetyl -3 
. alpha^D-galacto^^nonulopyranosy ^^^^ .% . f wdarw^ > } 
deoxy-D-glycero-. alpha -D-galacto / n ° n ^ ^toovranosyl) - (l.fwdarw.4) - 
-acetamido-4-0-acetyl-2-deoxy- .beta . -D-galactopyranosyx ^ , 6 -tri-0 

3, 6-tri-0-acetyl- .beta. ~^]^^^^i^^oV Compound 8 (29 

acetvlated with Ac. sub. 2 0 (5 mL) and pyridine (10 mL) for 16 ha ro 
ttlllllllte. The product was Pf"^ e ^^ 
CI. sub. 2 - -MeOH) on a column of silica ^ < 2 ° g > C ° degree (c 1.8, 
mg, 67%) as an amorphous mass: ^ ' 'V In, Me sub.3 

CHC1 sub. 3) .sup.l H NMR (CDCl.sub.3) .delta. 0.89 (m, 2H, 
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Si CH. S ub.2 CH.sub.2K 1.89-2 19 (-. ™V£f 3 »* SH^eoi !\ !" 

&<si.£ ^^2^ F s^a^:^!:o3^^s^; 7 «,1.^ 75 • 94, : c ' 

Example 5G 

0- [Methyl /too r-Pi-r-a-O-acetvl-3 , 5-dideoxy-D-glyc 

5-Acetamido-8-0- (5-acetamido-4 , 7 , 8 , 9-tetra O acecyx , 

•alpha.-D-galacto-2-n^ 

deoxy-D-glycero- .alpha -D-galacto 2 no py _ darw3) . 0 . [me thyl 

, 4 , 6-tri-O-benzoyl- .beta. f 7'^^ a cetyl-3 , 5-dideoxy-D-glyc 

5-Acetamido-8-0-(5-acetamxdo-4,7,8 , 9-tetra O "*ty } ^ 7 _ di _ 0 _ acet yl-3 

.alpha. -D-galacto-2-n^ 

deoxy-D-glycero-. alpha. -D-galacto 2 no £ u £°Py toP yran osyl) - (1 • fwdarw. 4) 
2-acetamido-4-0-acetyl-2-deo^-.beta.-D-galactopyran^ y / |6 -tri-0 
3,6-tri-0-acetyl-.beta.-D-galactopyransoyl)^ < ^ ^ 

yl-D-glucopyranose Compound 1 To a -lutxon^ ^ P ^ r ( 

.mu.mol) xn CH.sub.2 Cx.sud.2 ^ hlbera q Magmusson, J. Dahmen, G 
Jansson, S. Ahlfors, T. Frejd, ^ ^xhlberg g. 1 g mL afc Q _ de 

Noori and K. Stenvall, J. Org. Chem 5 3 - 5 "^ ^^/c. and concentr 

and 720 cm. sup. -1 (Ph) 

Anal. Calcd for C.sub.131 H.sub.163 N sub. 5 O.sub 73 (2975.71): C. 52. 
H 5.52; N. 2.35. Found C. 52.72; H, 5.35; N, 2.17. 



5.52; 
Example 5H 



0- [Methyl t-^t-r-a-O- acetyl -3 , 5-dideoxy-D-glyc 

5-Acetamido-8-0-(5-acetamxdo-4,7,8 , 9-tetra O "^yi ^ 3 

. alpha . -^galacto- 2 -nonulopyranosylono-1^ _ { ^ f ^ 3 } 

deoxy-D-glycero- . al pha ;D-gala ^ 2 ™™lopy _ Y 3) _ (o _ [methyl 

, 4, 6-tri-O-benzoyl-. beta. :°-^ lac ^ o P Y "tra-0-acetyl-3 f 5-dideoxy-D-glyc 
5-Acetamido-8-0- (5-acetamxdo-4 ,7,8, 9-tetra 0 acetyl , di _ 0 _ acetyl _ 3 
.alpha. -D-galacto-2-nonulopyrano^ 

deoxy-D-glycero- . alpha . -D-galacto 2 nonu x °_^ yranosyl j _ ( i . fwdarw . 4 
2-acetamido-4-0-acetyl-2-deoxy-. alpha ; :°^ a ^° P ^ w 5 arw y 4) _ 0 - 2 , 3 , 6-tri 
2,3,6-tri-0-acetyl-.beta ±1] . To a 

etyl-.beta -D-glucopyranosyl Trichloroacetim * 2 cl . sub . 2 (2 m 

solution of Compound 10 (150 J9' =0 .mu. ' added 

l-Si-sIb.f) 

and 5ACN), 2.36-2.46 (m 4H ^ j' sub 1 2' =3 .7 Hz',H-la) , 7.31-8.19 ( 
3 70 (2s, 6H, 2MeO) , 6.49 (d, 1H J . suD . X , z 
15H, 3Ph) , 8.69 (s, 1H, C.dbd.NH). 
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Anal. Calcd for C. sub. 133 H. sub. 163 N. sub. 6 0 sub. 
51 20; H, 5.27: N f 2.69. Found: C, 51.03, H, 4.99, 



6 0. sub. 73 CI. sub. 3 (3120.1) 
N, 2.56. 



Example 51 



0- [Methyl q_ te tra-0-acetyl-3,5-dideoxy-D-glyc 
5-Acetamido-8-0-(5-acetamido-4,7,8 9 tetra u a y } _ 4 , 7 _ di - 0 -acetyl-3 
.alpha. "D-galacto-2-nonulopyranosylon^l 9 ^ 

deoxy-D-glycero- .alpha ; ^-^^^"^noSylHl .fwdarw. 3) - {0- [methyl 
,4,6-tri-0-benzoyl-.beta.-D-galactopyranosy , » * , 5-dideoxy-D-glyc 

5-Acetamido-8-0-(5-acetamido-4,7,8,9-tetra O ace y , 7 _ di _ 0 - a cetyl-3 
. alpha . -D-galacto- 2 -nonulopyran^ 

deoxy - D - glycero - . alpha . - D - galac t o z norm yy * 1 } _ ( i . fwdarw . 4 ) - 

-acetamido-4-0-acetyl-2-deoxy- ; ? P S arw Y 4) -(2,3 , 6-tri-O- 

3,6-tri-0-acetyl-.beta.-D-galactopyranosyl^ < R } _ 2 _ azido _ 3 _ 0 -benzoyl 
l-.beta.-D-glucopyranosyD-tl.fwdarw.l^ (2S 3R ' d 1X {145 m g, 

tadecene-l,3-diol (Compound 13 . To J_^^ 4 . octad S C ene-l, 3-diol (a 
.mu.mol) and (2S, 3R, 4E) - 2 " aZ T ld °:^ h ^ Sem. , 8:285, 1989; b) R. R 
Ito M. Kiso and A. Hasegawa J. Ca ^ yd £' V* Engl., 25:725, 1986) 
Schmidt and P. Zimmermann, Angew Chem • Ml ■ En g , ^ ^ 
r. Schmidt and G. Grundler Synthesis^ 88 5^(1 981 ^ molecular sie ve 
.mu.mol) in CH.sub.2 Cl.sub.2 (2 mL was aaaea temperature, 
(AW-300, 0.5 g). The mixt ure was furred f £ * ^ thanesulf on ate (30 .m 
cooled to 0. degree. C. Trimethylsilyl trxfluorom c< and the 

was added, and the ™f u " wa ° ^irred for 3 h a ^ ub>2 cl . sub .2, 

filtered. The insoluble ^^^"^^hed with M NaHCO . sub . 3 and 
the combined filtrate and wash ings w «« w ^ n W ^ ted . column 
H.sub.2 0, dried (Na.8^.yo.s^ and_oonce ^ ^ ^ 
chromatography (20:1 CH.suc.^ amorphous mass: [. alpha. ].s 

(10 g) gave Compound 13 93 mg 59«) as an ^° r ^ DCl . sub . 3 ) -delta. 0. 
-14. 3. degree, (c 1.9 CHCl . sub. 3) ; • sup. 1 H jniik llC H.sub.2), 
(t ,3H, J 9 -b.M e ._CH 2i9 -S o2a Hz, 5 HeCH.Sub 3 2,. i6 24 m ( S , H 2 ^ 



1.84-2.17 (m, 72H, 



6H, 3MeO) , 



5.90 (m, lH,H-5 of 



H-3geq, and H-3heq) , 3.25 and 3.69 (2s, 
spningosine) , 7.28-8.28 (m, 20H, 4Ph) . 

Calcd for C.sub.156 H. sub. 200 N. sub. 8 0.sub.75 (3387.3): C, 55.3 



31 Found: 'C 55'.29; H, 5.77; N, 3.29 



Anal 

5.95; N, 3 
Example 5J 

0- [Methyl q-tetra-O-acetyl-3 , 5-dideoxy-D-glyc 

5-Acetamido-8-OM5-acetamido-4 f 7^ 

• alpha. -D-galacto-2-nonulopyr^ 

deoxy-D-glycero- .alpha ; "D-^lacto- 2 -™™^a {1 .? wdarw . 3 ) - {O- [methyl 
,4, 6-tri-O-benzoyl- .beta. T^-gf ^ O P^?a-0-acetyl-3 , 5-dideoxy-D-glyc 
5-Acetamido-8-0-(5-acetam 1 do-4,7,8 9 tetra u a £ 4 7 _ di _ 0 -acetyl-3 
.alpha. -D-galacto-2-nonulopyranosy^^ 

deoxy-D-glycero- .alpha -D-galacto 2 nonux py anosyl) _ (i. fwdarw. 4) - 

Hydrogen sulfide was bubbled (Y. Ito K ^ so and M< Saney osi, 

Chem., 8:285,1989; T. Adachi , Y . solut ion of Compound 13 (93 mg 

Synthesis, 45, 1977) through a f days atO. degree. C. Th 

.mu.mol) in aqueous 83* pyridine uj / 
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mixture was concentrated and the res 
acid (25 mg, 95 .mu.mol) and 1-etnyi 
hydrochloride (25 mg, 138 25 .mu^mol) 
at room temperature Dichloromethane 
washed with H.sub.2 0 dried <Na.sub. 

chromatography (20:1 CH.sub.2 Cl.Bub. 

(10 q) gave Compound 14 (85 mg 85*) 

-12 9 degree. (Si. 7 CHCl.sub.3); .sup 

6H, J . sub .Me , CH2 =7.0 Hz, 2MeCH sub. 
88-2.18 (24S, 72H, 19AcO and 5AcN 

H-3geq, and H-3heq) , 3.26 and 3.77 (2 

spningosine) , 7.34-8.21 (m, 20H, 4Ph) . 

A nal. Calcd for Csub.174 H.sub.236 0 sub.76 (3627. 8) 

6.56; N, 2.32, Found: C, 57.40, H, 6. Si, in, 



idue was stirred with octadecanoi 
3- (3-dimethylaminopropyl) carbodim 
in CH.sub.2 CI. sub. 2 (5 mL) for 
(20 mL) was added, and the mixtur 
2 SO sub. 4) and concentrated. Col 
2 - -MeOH) of the residue on silic 
as an amorphous mass: [alpha. J .s 
1 H NMR (CDCl.sub.3) .delta. 0.8 
2) 1.26 (s, 52H, 26CH.sub.2), 

2.32-2.46 (m, 4H, H-3eeq, H-3feq 
s, 6H, 2MeO) , 5.84 (m, 1H, H-5 ot 



C, 57.6 



Example 5K 

Ganglioside GQl.beta (Compound 15) ^S^^^^? ^ 
23 Mu.mol) in MeOH 5 mL was added a catalyt ic ^ ^ ^ 
mixture was stirred for 72 h at room te p atur6f the n neutral 

and the mixture was stirred for 10 h a o P filtered off and w 

with Amberlite IR- 12 0 (H. sup . ^/^ n co ^ n ed filtrate and washings wer 
with 1:1 CHCl.sub.3 --MeOH, and the corabinea _. M eOH) of the res 

concentrated. Column ch y omato ^P^ und - '5^49 ' mg 86%) as an amorphous 
on Sephadex LH-20 (10 g) gave Compound 15 ^> l suh . 3 _. Me OH); .s 

solid; [.alpha.]. sub. D + 24 . 9-degree (c 1 - 0 11 CHC ^ CH2 7 

H NMR(l:l DMSO-d.sub.6 |: D.Bub ; 2 2 ^ h ;^ , ° x . 85-x'. 89 (5s , 15H 5AcN) , 

H-3feq, H-3geq, and H-3heq) , 4^22 (dlH, 
4.32 (m, 2H, Vlb andH-ld), 4 70 (d, 1H 
5.35 (m,lH,H-4 of sphinges me ) , and 5.55 im, 



Hz, 2MeCH.sub.2) 1.23 (s, 
2 42-2.73 (m, 4H, H-3eeq, 
J. sub. 1,2 =7.5 Hz, H-la) , 
J. sub. 1,2 =8.6 Hz, H-lc) , 
lH,H-5 of sphingosine) . 

Anal . Calcd for C.sub.106 H.sub.lM H jub « 0 sub.55 ,2420.6: 
7.58; N, 3.47, Found: C, 52.34, H, / . -iu , in, 



C, 52.6 



RESULTS 

The appropriately Protected trisaccharide acceptor Compound 3 was obta 

in good yield from 2 ^ trim f ^^Woxv b eta . -D-galactopyranosyl) - (1 
0-(2-acetamido-4,6-0-benzylidene-2-deoxy ^ g> Kom 

arw.4)-0-2,3,6-tri-0-benzyl-.beta.-D glucopyranos 13:665 , 1994) 

H. ishida, M. Kiso and A Hasegawa J ^arbohydr C b ; nzylidene grou 
iSr^syiaS^Se 1 trlsacchSr^ acceptor Compound 3 with methyl 

5^^0-8-0- (5-acetam^ 

D-galacto-2-nonulopyranosylono-l ,9-lactone ^ (Comp0 und 4) by use 
,thio-D-glycero-D-galacto-2-nonul = acid (Tf OH) in the 

N-iodosuccinimide (NIS) - -tritluororaeuid .ANG.) in acetonit 

presence of powdered ^^ cular /^" e ^ ec ^d' pentasaccharide 
for 10 h at -30. degree. C^ gave the expected pe chemi cal shift 

.alpha. -glycoside Compound J in48. yiel d. i sialic acid re d 

coupling constants of the sialyl alpha^ ^ (j. sub. gem =13.7 

ri^ZVTTl ^-U.^oneVroton^oublet of doublets at .de 
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10SH7 j sub 3 eq< 4 =4.9 Hz, H-3deq) , a three-proto 
2.64 (J.sub.gem =12_8 Hz J^ub^eq multiple t at .delta 5.05 

singlet at .delta. 3.82 Meui, a o p ( H -4e) , a one-proton do 

(H-4d), a one-proton multiplet at . delta 5^37 (H ^ rQton multiplet 
at .delta. 5.41 (J. sub 7,8 =8 6 Hz , H /a; , forme d glycosidic 

.delta. 5.44 <H-8e>, which indicat ed that the new^ ^ ^ ^ 
linkage was -alpha. (H. K. ^niaa, reg iochemistry was deduc 

ffl^»1«T««^"™i" — 5 " as H0 - 6 

the GalNAc residue. 

By removal (H. Nagaoka W. Rutsch G Schmidt H ™\ 
Y. Kishi, J. Am. Chem, Soc., 102 ,7962 ^OJo r und 5 in 5 7% 

pentasaccharide acceptor Compound 6 "^ formed a) P Fugedi and P. J. 

yield. Dimethyl (-thylthio) -sulf onium trif late^) ,P Fg^ ^ ^ 

fasegawa^l^ l988) (BMTST) -promoted glycosyla 

of Compound 6 with methyl 0- [methyl t x _ 3 , 5 - d ideoxy-D-glyc 

5- acetamido-8-0-(5-acetamido-4,7,8 9-tetraO acetyl , _ Q _ acet yl _ 3 

. alpha . -D-galacto- : ^-nonulopyranosy lono- 1 ^^y^j . { 2 . f wdarw . 3 ) 
deoxy-D-glycero- .alpha. -D-placto iwnu py / Ishida, H. Is 

6- tri-0-benzoyl-l-thio-.beta -D-galactopyranosiae k (Comp0 und 7) i 
M. Kiso and A. Hasegawa, Carbohydr. Res 260.cl '^^^ Sctasaccha 
dichloromethane for 2 days at ^degree^C^gave the^ & d 

Compound 8, m 42« yield. ^ v -\ ated compound 9. The observed 

at 40.degree. . C . and subsequent ^^-cetylatio^gave 

derivative 9 in 67* Y iel °' /f^™* n deqree C. gave the 1-hydroxy Com 
acid in dichloromethane for 1 h at ^degree u g chloromet hane in the 
10. When treated with trichloroacetonitrile_in^ h ^ q > 

presence of 1 , 8 -diazabicyc lo [5 . 4 '° ] ^° a ^ e ^idate Compound 11 in 92 
C. Compound 10 gave the ^alpha - t^^oacet in compound 11 [.delta. 

=3 U ?-- H ^.r; Jf M»)l lt indic.teS the imidate to b 

. alpha . . 

The final glycosylation of ^ adpren e-l 3-diol (Compound 12) wit 

(2S,3R,4E) -2-azido-3-0-benzoyl-4--octadecene 1 3 d k t ^ ifluorid e 

Compound 11 in ^chloromethane m --° sired .beta. -glycoside 

etherate for 3 ^ f J d egree C. reductio n of azido group in Compou 
Compound 13 m 59* yield, beiecuxvc f 3 d at 0 . degree, 

with hydrogen sulfide m aqueous / 1 t c noi acid using 
gave the amine which on condensation with ^tadecan oromethane 

chromatography . 

Finally, O-deacylation.of Compound 14 with sodium -™^ d ^hano 

and subsequent saponification of the methyl ester group y 

.beta. -series ganglioside GQ1. ^a^. Compound 15 in a y data q£ 

^iSMinefirc^f^iS & structure assigned. 
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«„«d ?i\ The invention achieves the synthe 
riTi^efa G r s -ronows:ToTso 2 luUon he of 6 (50 mg, 0.024 mmol) and me 

-2-nonulopyranosylonate)-(2.fwdarw.3^ 2 4 6 tr ReS earch 200:269-2 

alactopyranoside (Kameyama A , et al . . car y 4 ^ molecul 

(16, 0.05 mmol) in CH . sub. 2 C -Bub.211 J room tempe rature th 

sieves (100 mg) . The r rai f 0 U e ^ f s ded, with stirring, 

cooled to 0. degree C. To the mixture and P. J- Garegg, 

dimethyKmethylthxo sulfonium triflate (P. J^g Hasegawa, J. 

Carboyhydr. Res., "9:09. 1986 0^ Kanie M. ^ stirr i ng , 

Carbohydr. Chem. , 7:501, i 988 ^ DM J ST ' h f precipitates are removed by 
continued for 1 day at 0 degree c - ™ P r |«. p £ 1>flub>2 . The filtrate 
filtration, and washed thoroughly "^h ^sub^ Cl washed with M 

and purified to yield compound 17. 

Starting with compound 17 and using the --^^/^^f^ws Su 
5F-5K above ^l^beta expound 23 is.synth^ ^ ^ r£duc 

is converted into .alpna. cnouj-u ation removal of the 

^^yiS^ra. 0 ^S with trichloroacetonitril 

the .beta. -glycoside Compound 21. finally, wmp octadeca noic aci 

O^St^^;?.?"S fne^tny^ester group, into Compound 
the GTl.beta. ganglioside, in good yield. 

The invention having been Uly toi bed modi £ications withi^ite sc 

2S t fc.asrs. t s^5 , « *. —n a nd t 

appended claims . 
CLAIMS : 

What is claimed is: 

^^^^^ ^^^^^^^ 

-SfiSch SJS-^^u^^SS Sd« £ 

to bind; and 

(b) determining whether the test c-^^^^^US?^ a 
SgE^^SSaS mye^ocfa^d^rycoprotein Inhibition o £ 
neuronal cell growth. 

2 The method of claim 1 wherein the myelin-associated glycoprotein is 

expressed on a neuronal cell surface. 

3. The method of claim 1 wherein the compound is attached to a solid 

surface . 
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4. The method of claim 1 wherein the compound is detectably labeled. 

5. The method of claim 1 wherein the myelin-associated glycoprotein is 

detectably labeled. 

6. A method of identifying a compound which binds myelin-associated 
glycoprotein, comprising: 

(a) contacting a test compound with myelin-associated 9^^°^^ ^m 
conditions which allow myelin-associated glycoprotein and the test com 
to bind; and 

(b) detecting binding of the test compound with the myelin-associated 
glycoprotein 9 tnereby identifying a compound which binds myelxn-assocr 

glycoprotein. 

7. The method of claim 6 wherein the myelin-associated glycoprotein is 
expressed on a cell surface. 

8. The method of claim 6 wherein the myelin-associated glycoprotein is 
detectably labeled. 

9. The method of claim 6 wherein the compound is attached to a solid 
surface . 

10. The method of claim 6 wherein the compound is detectably labeled. 
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